Abstractß Spatial variation of hydraulic conductivity is often assumed to follow patterns of sediment texture. This study examines whether sediment texture observed in cores and outcrops can be used to infer spatial correlation of hydraulic conductivity. The measures of spatial correlation that we consider, correlation length and Hurst coefficient, are commonly used for interpolating conductivity at unmeasured locations and making stochastic estimates of dispersivity. Results indicate that, when comparing hydraulic conductivity values derived from sediment texture to those measured by pumping tests, horizontal correlation lengths are approximately the same but vertical correlation does not correspond well. The results also suggest that sediment information may be useful for setting spatial limits to scaling behavior that is assumed with fractal interpretation of hydraulic conductivity variability.
Introduction
Understanding groundwater flow and contaminant transport in aquifers requires characterization of subsurface heterogeneity, particularly the spatial variation of hydraulic conductivityß The large effort and expense often required to characterize groundwater systems usually forces one to make do with sparse observational data and rely heavily on interpolation to construct maps of subsurface variability. The approach of sparse data collection and subsequent interpolation is a questionable one because conductivity can vary over several orders of magnitude, even within a single aquifer. As a result, one's ability to predict the fate of contaminants in groundwater and to implement efficient and effective remediation strategies is severely limited.
If the standard approach of sparse direct measurements of hydraulic conductivity (K) is an ineffective means of characterization, are there alternate means of indirectly inferring spatial variability in conductivity? Over the past two decades a large body of research has been devoted to using geologic information to indirectly infer spatial variability in conductivity. A common approach is to determine the depositional structure of a groundwater system and assign K values assuming that they are controlled by lithology. But questions still exist about how predictions of conductivity can be improved by incorporating information on sedimentary structure. Oddly, there have been few efforts at direct field comparison between spatial variations in sediment texture and hydraulic conductivity. The exceptions are a handful of studies relating air permeability to depositional patterns in outcrops [Davis et al., 1993; Hurst and Rosvoll, 1991] .
In this study we compare spatial variations in hydraulic conductivity and in sediment texture. We test whether two measures of aquifer heterogeneity, spatial correlation length and Hurst coefficient, can be inferred from shallow aquifer exposures and sediment cores. This comparison gives us a simple means to Copyright 1998 by the American Geophysical Union.
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0094-8534/98/98GL-01773505.00 examine the worth of using sediment core and outcrop information in characterizing spatial correlation of conductivity.
Site Description
The study aquifer is a shallow (<15 m in depth) braided stream deposit site underlying the Columbus Air Force Base in Mississippi. We chose the site because previous detailed hydrogeologic investigations have been performed there [Rehfeldt et al., 1989 [Rehfeldt et al., , 1992 
Estimating Hydraulic Conductivity from Grain Size
We used all 214 sediment samples collected by Boggs et al. [1990] around the well field for calculating a horizontal 'variogram. For all other analyses of well field core we used a 
n(h) 2'(h) = 2n(h)Z[z(xi + h)-z(xi) ] (4) i=where h is the lag, n(h) is the number of pairs, and z is measured In (K) at locations (xi) and (xi+ld. We calculate vertical and horizontal variograms (first calculated by Boggs et al. [1990]) and visually determine correlation lengths.
In cases where spatial variability continues to increases with the sampling scale, the variogram does not reach a sill and does not accurately express long range correlation. We then used an alternative measure of spatial variability to better express long range correlation; 'rescaled range' analysis. Rescaled range analysis assumes K variation is a scaling phenomenon and that correlation length and variance increase indefinitely with spatial scale [Turcotte, 1997] . To infer K properties from sediment layering requires an assumption that K variability is controlled by changes in lithology or sediment type. If this is true, then the spatial scales at which lithology changes are also the scales at which K changes. Knowing the spatial scale of K variability is important for a number of reasons including establishing limits to the use of scaling relations for interpolating K.
If a In (R/S) plot is linear, then the slope of the plot is the Hurst coefficient (H). For data with a Gaussian distribution the

Results
Similar to the well field, the quarry has a 2-3 meter layer of silt/clay overlying a sand and gravel unit-12 meters thick.
Surface elevations at the two sites differs by 0.6 meters and the average grain size distributions of the two sites are quite close (with gravels making up 40% of the aquifer at both sites ( Figure  2B) and mean d•o grain sizes of 0.27 mm and 0.31 mm respectively) . Considering the identical lithologic transitions and similar grain size distributions, we expect that aquifer materials at the quarry and the well field are part of the same deposit.
Hydraulic conductivity values calculated from grain size are higher and less variable than conductivity values measured by flowmeter. Table I The absence of long-range correlation in the horizontal variogram indicates that no further increase in K variance or correlation scale should be expected at distances beyond 200 meters. This is in contrast to the type of scaling discussed by Neuman [1994] that suggests that K variation increases indefinitely with scale. In the absence of further information indicating that K variability increases beyond a horizontal scale of 200 meters at the site, scaling laws should not be used to obtain a K variance for the regional domain that is larger than that observed within the well field.
